Introduction
Eye gaze is one of the most important signals for nonverbal communication, especially in attribution of the mental states of others, such as their intention or desires [1, 2] . It has been said that humans use eye gaze for "mind-reading" [3] . Recently, many studies on the neural basis of mind-reading have been conducted, often using functional magnetic resonance imaging (fMRI). The Mirror Neuron System (MNS), composed of motor-related brain regions in the inferior frontal gyrus (IFG) and inferior parietal lobule (IPL), has been regarded as the neural network behind mental attributions, especially the understanding of the intentions of actions [4] . This understanding may be modulated by familiarity. The activities in these brain regions during intention understanding have been shown to be affected by physical characteristics of the actors (e.g., their race [5] ). Individuals physically similar to oneself may be more readily mapped onto sensorimotor representations of the self, and the process of perceptual familiarity may affect the activity of the MNS. In children, significantly greater MNS activity has been shown with familiar actors (caregivers or siblings) than with strangers [6] . Eye tracking techniques have also been used to examine action intentions. Proactive goal-directed eye movements have been observed in adults as they watched goal-directed actions [7] . Predictive eye gaze may be modulated by the state of the motor system [8] .
Many studies that have examined predictive eye gaze cues during observation of goal-directed actions have failed to consider possible effects of the actors' faces. Myowa-Yamakoshi et al. [9] compared eye gaze of humans and chimpanzees as they watched goal-directed actions in which the actors' faces were shown. The results revealed that humans looked longer at the face area than did chimpanzees as the actor approached her action goal. This result suggests that humans may refer to faces to confirm eye gaze direction, and reference to faces can be used to understand action goals and intentions.
O'Toole et al. [10] have suggested that the recognition of social communication information from dynamic human faces, such as eye gaze and expression, may be mediated by familiarity. Facial familiarity and self-similarity have been shown to enhance gaze cuing effects in adults [11, 12] . Thus dynamic aspects of familiar faces, including gaze direction and head orientation, may promote the understanding of action intentions. Here, we used an eye tracking technique to test the effects of familiarity on eye gaze processing during observation of goal-directed actions. We predicted that familiarity would modulate fixations to the actor's face area, such that eye gaze direction could be used to understand action goals.
Materials and Method

Participants
Fifteen pairs of adults (16 males, 14 females; mean age 19.93±1.8 years) who knew each other were recruited. Behavioral data were collected from the other 15 participants (8 males, 7 females). All 30 participants were asked to rate how often they had previously seen the actors on a 1-5 scale (1 = never; 5 = very often). This rating was used to distinguish Friend and Stranger conditions. All participants in the Friend condition were evaluated has having been seen often. The study was carried out in accordance with the provisions of the World Medical Association Declaration of Helsinki, and informed written consent was obtained from each participant. The protocol was approved by the Research Ethics Review Board at the Department of Psychology, Kyoto University, Kyoto, Japan.
Apparatus and stimuli
A Tobii (Stockholm, Sweden) T60 Eye Tracker with a 17-inch TFT monitor was used to present videos and direct-gaze pictures and to record eye movements using a 60 Hz sampling rate (Tobii Studio 2.2.8, Tobii Technology). Participants were seated approximately 60 cm from the monitor. The video stimuli and areas of interest (AOIs) for analysis are illustrated in Figure  1 . In a Posner cuing task [13] , stimuli were presented on a laptop (NEC LavieG) and participants responded via a keyboard ( Figure  1 ). One member of each pair was selected to generate the stimuli for the Friend condition. Videos of Goal-directed and Non-goaldirected actions were constructed. In the Goal-directed condition (Figure 1a) , the actors were told to hold a plastic bottle above the table with both hands for 4 seconds, then to move the plastic bottle to the glass within 2 seconds, to pour tea until the glass was 70 percent filled within 6 seconds, and finally to return to the first position and remain there for 4 seconds. In the Nongoal-directed condition (Figure 1b) , the actors were instructed to move the back of one hand over one of four cups for 2 seconds, and return the hand to the starting position within 2 seconds. The actor repeated this action for all four cups using alternate hands. All videos were 16 seconds in duration. The Direct gaze pictures (5o wide × 7 o high) were presented 5 seconds in black and white. For the Posner task cued by eye gaze [14] , three faces were presented in black and white, each 5o wide × 7 o high: a face with eyes closed for a pre-cuing stimulus and right-and left-gazing faces. The Stranger condition was also comprised the same components, but actors were chosen from students who had never seen by participants.
Procedure
The order of presentation of the eye tracking task and the Posner task was counterbalanced between participants. In the eye tracking task, after an initial calibration procedure, each participant completed two trials in each of the conditions (Friend condition; Stranger condition) for 3 different stimuli (Direct gaze; Goal-directed action; Non-goal-directed action), presented in a pseudo-random order. The Posner task comprised 96 trials. On each trial, a fixation cross (1o) was centrally displayed (675 ms) and then an eye-closed face (5o wide × 7 o high) was presented (900 ms), followed by a face gazing either right or left for either 100, 300, or 700 ms (Stimulus Onset Asynchrony, SOA), selected randomly with equal probability. A target asterisk (1o) then appeared positioned 10 o to the left or right of the fixation cross. Participants were required to press, as soon as possible, the 'Z' key when the target appeared on the left and the 'M' key when the target appeared on the right. It was emphasized that gaze direction was not relevant to target position.
Results
We defined AOIs of the same size for each condition: in the Goal-directed condition, AOIs covering the glass (Glass AOI) and the face (Face AOI); in the Non-goal-directed condition, AOIs covering the cups (Object AOI) and the actor's face (Face AOI); and in the Direct-gaze condition, AOIs covering the eyes and mouth. All eye tracking data were analysed as proportions of looking time.
In the analysis of the Goal-directed action, 2 × 2 ANOVAs with two levels of familiarity (Friend, Stranger) and two levels of AOI (Face, Glass) were conducted for the 2 phases (before goal; before the plastic bottle approached to the Glass AOI, after goal; after the actor started pouring tea) respectively. For the before-goal phase, a significant interaction between familiarity and AOI was observed, F (1,14) = 10.730, p = .006, ηp2= .434, with the duration of the Friend condition longer than that of the Stranger condition for the Face area, p = .012, ηp2= .370 ( Figure  2 ). No significant difference was observed between Friend and Stranger conditions for predictive eye gaze at the Glass area, p = .169, ηp2= .131. A significant main effect of AOI revealed a longer fixation duration at the Face area than at the Glass area, F (1,14) = 38.547, p < .001, ηp2= .734 (Figure 2 ). The analysis of the after-goal phase revealed only a significant main effect of AOI (F (1,14) = 11.764, p = .004, ηp2= .457), with the fixation duration at the Glass area longer than that at the Face area. In the analysis of the Non-goal-directed action, only a significant main effect of AOI was obtained, F (1,14) = 12.287, p = .003, ηp2= .467, with longer fixations at the Object area than at the Face area. The main effect of AOI was also significant in the analysis of Direct gaze, F (1,14) = 11.764, p = .004, ηp2= .457, with longer fixations at the Eye area than at the Mouth area. For the Posner task, the cue effect was defined as mean response time in the cue congruent condition subtracted from that in the incongruent conditions. A 2 × 3 ANOVA with two levels of familiarity (Friend, Stranger) and three levels of SOA (100 ms, 300 ms, 700 ms) revealed only a significant effect of SOA, F (2,28) = 7.484, p = .002, ηp2= .348, with the 100 ms SOA producing a greater cue effect than the 700 ms SOA, p = .008, ηp2= .489.
Discussion
This study examined the effect of familiarity on eye gaze processing. By using pairs of participants known to each other, we discovered that familiarity modulated fixations to the face area before the actors approached their action goals. There was no effect of familiarity on Non-goal-directed actions, direct gaze, or the Posner task.
Myowa-Yamakoshi et al. [9] suggested that attention to faces, which potentially includes referential information such as gaze direction or emotional expression toward the target object, may be involved in the coding of goal-directed actions. Head orientation may be another important clue for gaze direction in the understanding of action goals. Our results suggest that familiarity may facilitate the motivation to understand action intentions that are goal-directed.
Some studies have examined the effects of familiarity on the eye gaze process [15, 16] , however, most defined familiarity in terms of the in-group, for instance, sameness of race or political group. When Deaner et al. [11] defined familiarity as people who were in the same department of a university, performance on a Posner task revealed that familiarity promoted gaze cuing only in females. We did not observe a significant effect of familiarity in our Posner task, but our sample size was limited, because our main purpose was to examine the effect of familiarity on understanding action intentions. Furthermore, the results of a Posner task do not reflect the use of eye gaze in understanding others' mental states, but rather its use in autonomic target following [17] . Hence, it is possible that familiarity only affects eye gaze processing related to mind-reading.
Although our results did not indicate that predictive eye gaze was enhanced by familiarity in the before-goal phase, this was observed in both familiar and stranger conditions with goaldirected actions. This result could be attributable to a ceiling effect, because the action goal used in this experiment was simple for adults. However, the direction of eye gaze may provide an essential clue for inferring mental states in social situations, especially for understanding action goals.
Conclusion
Our findings suggest that familiarity affects eye gaze processing related to an action goal, and studies of social cognition that manipulate personal familiarity should add to our knowledge of social behavior in real situations
